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1.0 INTRODUCTION

In order to make full use of the NASA Ames 80x120-foot wind tunnel,
it is necessary that the interior surfaces of the tunnel be
covered with sound-absorbing material. NASA has performed an
initial design of the acoustic treatment but desired that
additional studies be performed to evaluate the sound absorption
characteristics of candidate treatments in both the low and mid-
frequency regimes. The low frequency range is of interest with
regard to use of the test section for helicopter noise
measurements and the mid-frequency range is a critical factor for

noise in the surrounding community.

The interest in absorption coefficents at frequencies below 125 Hz
poses certain problems with regard to the testing of treatments.
Conventional test procedures involve the placement of sample
materials in a reverberant chamber and the measurement of the
reverberation times of the chamber with and without the material
present. For example, the ASTM standard procedure [l] requires
that the smallest dimension of the test chamber should be more
that one wavelength, and preferably more than two wavelengths of
the center frequency of the lowest one-third octave band at which
measurements are made. This would require a chamber with a
minimum dimension of 22 to 44 feet if measurements were to be made
at 50 Hz. Very few chambers of this size are available. However,
the recent construction of a ground run-up suppressor for the
Rockwell International B-1B airplane provided an opportunity for
acoustic measurements since the walls of the enclosure were
covered with sound absorbing material designed for high sound

absorption at low frequencies.

In the present study an analytical model is constructed to predict
the sound absorption coefficients of multi-element sound absorbing

treatments. The model is validated by comparison -with test data
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from B-1B noise suppressor tests and it is then used to evaluate
different treatment designs for the interior of the 80x120 ft wind
tunnel. Section 2 of this report presents an outline of the
analytical model, Section 3 describes the acoustic tests in the B-
1B noise suppressor and Section 4 discusses various lining

configurations. The findings of the study are summarized 1in

Section 5.



2.0 ANALYTICAL MODEL

An early study of sound-absorbing linings for the 80x120 ft wind
tunnel was conducted by Rennison, Wilby and Gordon [2] in 1978.
That study considered several materials but the treatments were
limited to four-element systems containing a porous face plate, a
bulk material and an air gap backed by a rigid surface. The
analytical approach used in that study forms the basis for the
present work, but the analysis is extended to include a greater
variety of elements in the lining, and a greater range in acoustic
properties of the bulk material.

The type of treatment being considered is shown in Figure 1. It
consists of a perforated plate which protects the material from
erosion by the flow in the tunnel, a porous layer which could be a
combination of a wire mesh screen and fiberglass cloth, a bulk
material such as a fibreglass blanket, a second porous layer which
again could consist of fiberglass cloth with or without a
perforated plate, a second bulk material or an air gap, and

finally a rigid wall.
In the analysis of multi-layer systems such as the one shown in
Figure 1, Zwikker and Kosten [3] and Beranek [4] have shown that

the propagation and attenuation of sound in one of the layers may

be described by the following parameters:

k, =ai+ iB, , the propagation constant for the nth layer,
a”= the atténuation constant for the nth layer,
Bn= the phase constant for the nth layer,

W = -(iKkn )/( wY), the complex characteristic or wave

impedance for the nth layer,
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the porosity of the layer,

K the complex compressibility of the layer.

The impedance of a finite thickness (nth) layer may be written in the
form {3]

2y = Wz ppcosh kLt W, o sinh | R T

Zpyrsinh kyLy+ W, cosh kgl
where 41 is the impedance of the backing medium, and W, and k, are,

respectively, the wave impedance and the propagation constant in the

nth lavyer.

For layer n = 4 in Figure 1, Zn+l= z, =0 for a rigid wall.
Furthermore, if the 4th layer is an air gap., wn =W, =p C, and kn = K“
= i1k = iw/c, then

24 = pc coth(kyLy) = -ipc cot(kLy). (2)

From Ingard and Bolt [5],the propagation constant k, for the porous

layer (3rd layer) of thickness L, can be given by:

ky = | (s,+ iRz \ P3Yg " (3)
mpL3 C ’
where R, = flow resistance of material of thickness L,

S, = material structure factor

P, = porosity of material

{= 1.4 for isothermal conditions (low frequencies)
Yo 1.0 for adiabatic conditions.



The characteristic impedance of the layer is given by:

Wy= pc < Sy+ iRy > 1 |2 (4)
wp Ly Pyo

Using Eq. (1),

Z4 1+ (pc/Z4)(W3/pc)tanh(k3L3) e

pc (pc/W3)tanh(k3L3) + (pc/Z4)

Characteristics of the fiberglass layer can be astimated using
relationships given by Beranek [4]. From Table 10.4 of [4], th=z

propagation constant k, , where
ky = %+ 18,,

can be estimated fromempirical expressions for the real and imaginary

parts (with f=w/27):

@)= (@/c)[0.189(PE/R J °*°?%] (6)

and
B,= (®/c)[1 + 0.0978(P£/Ry ) " ""] (7)

The characteristic impedance W, is then given by (Eq 10.18,(4})

w, = (-iKkz)/(wY) (8)

K, the compressibility of air in the porous medium, is obtained from

£

Figure 10.6 of [4]. Then, the impedance 22 is evaluated by means of

Eq.(1)



In the case of the outer perforated plate and porous layer, use is
made of the results of Guess [6] and the associated discussion in
[2]. The impedance of the perforated plate and porous layer

combined can be written as:

Z' Ry /8vw (ka) 2
_—=y— % (1+t/4d) +
pc lcpc oc 80
w(t+s)  VY8vw wS Ly |
+ i + (1+t/4) + > (9)
oc oc oc ’
where R; = flow resistance of material of thickness L

S1 = material structure factor

0 = fractional open area of perforated plate

t = thickness of perforated plate

d = hole diameter in perforated plate

L; = thickness of porous layer

§ = 0.85d for zero Mach number in the external flow
v = kinematic viscosity of acoustic medium.

Then, the impedance of the perforated plate and porous layer can
be added to that of the backing layers, so that:

2, =2, + 2’ (10)

The absorption coefficient for normal incidence can now be

obfained from
a(00) =1 = | (23 - pc)/(2y + pc)|?2 (11)

Following Morse and Ingard [7], the value of the absorption

coefficent for a given angle of incidence y is given by
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a(¥) =1~ |(z,cos¥=-pc)/(zcosb+oc)|? (12)

. and the average (statistical) value of the absorption coefficent

is given by

86 5 1 [62-y2 4/ x
a, = 1 - log (02%+y%+26+1) + — tan [ —
02+’ 02+x2 © x \82+y2 1+6
(13)
where Z/,c = 0- 1 ¥



3.0 VALIDATION EXPERIMENT

3.1 Test Reqguirements

The requirement of the validation experiment was to provide sound
absorption data at low frequencies under conditions such that the
data were not affected significantly by the test environment.
Acoustic reverberant chambers normally used for sound absorption
tests satisfy test standards at frequencies down to about 125 Hz,
but the rooms are too small for satisfactory tests at lower
frequencies. Furthermore, the test panels have to be large in
order that edge diffraction effects do not dominate the data. The
B-1B ground run-up noise suppressor satisfies both requirements in
that it 1is a large enclosure and the sound-absorbing panels cover

a large wall area.
3.2 Test Site

The tests were conducted in the B-1B ground run-up noise
suppressor at Site 3, Plant 42, of the Rockwell International
manufacturing facility at Palmdale, CA. The suppressor 1is
constructed from an acoustic design developed by the authors of
this report. The open-top pen design is intended to provide a
moderate degree of noise reduction for local plant personnel and
for the neighboring community. Additionally, the suppressor
interior acoustic treatment has been designed with the goal that
it not cause reflections which would increase the sound pressure
levels on the surface of the aircraft above those encountered in
an open stand or free field run-up. Thus the lining is required to
have high acoustic absorption, and the suppressor provides a good
opportunity to evaluate an analytical model for predicting the low

frequency absorption of a treatment.

The lining used in the suppressor consists of an 8-inch thick
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layer of PF 3530 glass fiber material (0.84 lb/cu.ft.) backed by a
2-inch air space. The glass fiber wool is covered by glass fiber
cloth, stainlgss steel mesh, and a perforated steel cover with a
33% open area. A typical construction detail 'is shown in Figure
2.

3.3. Test Description

Determination of the normal incidence acoustic absorption
properties of the lining is based on measurement of the acoustic
impedance of the panels as installed in the suppressor. By
exciting the test wall with a normally incident sound wave
generated far away, and measuring the pressure at two points near
the wall it is possible to estimate the local pressure and normal
velocity. The surface impedance may then be calculated from these

quantities [8].

The measured impedance 2 can be expressed in terms of the

transfer function Hy,(®») between the microphones.

72 .= iwp &, [1 + Hy,(©)]/2[1 = H,(w)] (14)

The normalized surface impedance is estimated by
Z2/pc = [Zy - ipc tan(@wd/c)]/[Pc - iZytan( w d/c)] (15)
and the normal absorption coefficient by
a(0®) =1 - |[z/oc - 11/[2/0c + 11|" (16)

The test set-up is shown in Figure 3. Two 1/2 inch diameter Bruel
and Kjaer microphones were used. Microphone #1 was a B&K Type
4155 with an output of 1.191 volts for 124 dB SPL and microphone #2
was a B&K Type 4133 with an output of 3.33 volts at 124 dB. Both

microphones were connected to GenRad Model 1560-P42 preamplifiers.
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Acoustic excitation was provided by a random noise source driving
two loudspeakers simultaneously. The distance between the
loudspeakers and the microphones (58 feet) was large enough that
curvature effects of the acoustic wave front were insignificant.
Both the acoustic sources and microphones were at a height of
approximately 20 inches above the concrete floor. Under these
conditions a coherent, but out of phase, floor reflection occurs
to cause destructive interference at a frequency of about 8000 Hz.
By considering only the frequency range up to 500 Hz this floor

effect is negligible.

Microphone signals were processed on a Hewlett-Packard Model 3582A
Spectrum Analyzer. This analyzer computes the individual spectra
of the microphone signals, as well as the cross spectrum, phase,
and coherency. For this test, the controls were set to generate
spectral components at 8 Hz increments from 0 to 1000 Hz (125
spectral lines). By taking 128 half-second samples and averaging
the spectral components, a large value of the Bandwidth X Average
Time product was obtained. The resulting data values have very
small statistical variability. The output of the analyzer gives
the transfer function to three significant figures and the phase
angle to the nearest integer. This relatively low precision has
an influence on the accuracy of the final estimates of the

absorption coefficient.

Several simple calibration checks were performed. The transfer
function derived from pistonphone calibration measurements was
found to have a value of 2.796, due to the differences 1in
microphone sensitivity. Spectral analysis of a test signal
applied simultaneously to both channels of the analyzer shows a
variability of less than 1% in transfer function and +1 degree in
phase over the frequency range of 1interest. Finally, a
calibration test was performed with the two microphones placed
with their sensitive diaphragms facing each other at a separation

distance of 1/32 inch. In this confiqguration both microphones are
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exposed to the same acoustic field. Test results are shown in

Figure 4.

The 1influence of instrumentation system characteristics on the
estimated impedances may be determined from the test results
obtained with the two microphones placed face to face. Denoting
the calibration transfer function by H . (w), and the test
measurement transfer function by H, (® ), the true measured

impedance 1is

ivod [Ho( @) + Hy(g )]
VA = . (17)

Tests were made at two locations on the wall treatment near the
forward end of the exhaust section of the ground run-up noise
suppressor. The air temperature varied from approximately 70
degrees Fahrenheit for the first tests through 90 degrees
Fahrenheit for the tests in the heat of the day. All test panels
were in the shade while measurements were being performed. 1In
calculations of impedance and absorption, an average value of 80
degrees Fahrenheit was wused. Such an assumption leads to a

maximum error of only 1% in the sound speed and 2% in air density.

3.4 Test Results

For each test, Microphone #2 was placed immediately next to the
lining (d,*0.25 in), and Microphone #l at a predetermined
distance from the wall. Tests were made for microphone spacings
(d1,) of 0.75,.1.5, 3.0, 6.0, 12.0, 24.0, 36.0, and 48.0 inches.
The individual microphone spectra, transfer function and coherency
were plotted for each microphone spacing. Transfer function
magnitude and phase values were also logged by hand for later
entry into the absorption coefficient computer program. Sample

test data are shown in Figure 5 for a microphone separation
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distance of 1.5 inches.

A computer program was written using Equations (14)-(17), and
values of absorption coefficient calculated for each test case.
The resulting range of values is shown in Figure 6. Data scatter
may be attributed to two different effects. First, the digital
read-out of the measured data is rounded off to two decimal places
for the transfer function magnitude, and to integer degrees for
the phase. Such qﬁantization can lead to errors when small
differences between large vectors is concerned. Second, values of
coherency less than 1.00 imply that there is contaminating noise
in one or both signal channels. This is the case at larger
microphone separations, particularly at frequencies where the
reflected wave is in opposite phase to the incident wave, causing
a pressure null. In these instances the calculated impedance and

absorption values will be subject to random error.

In an effort to minimize the data scatter, two criteria based on
acoustic wavelength were introduced. Data which did not satisfy
either criterion were excluded from the analysis. Data were
excluded at low frequencies if

. A > 60 dy,
and at high frequencies if

A < 8 djs.

Although somewhat arbitrary, these criteria were determined on the
basis of the precision of the analyzer output and the interference
between incident and reflected waves near to the test surface. 1In
the case of the example shown in Figure 5 for a separation distance
of 1.5 inches, data were assumed to be valid in the.frequengy range
from 150 to 1140 Hz. Even with these restrictions, the data still

exhibit the variability shown in Figure 6.

By averaging over the ensemble of absorption values obtained for
various microphone spacing, it 1s possible to estimate a true

value with reasonable confidence. This average value 1is also
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shown in Figure 6 where it is compared with the theoretical value
calculated (using the theory outlined in Section 2) on the basis
of the lining configuration and material properties. Also, for
convenience, the test results have been converted into average
values for one-third octave frequency bands and again compared
with corresponding predicted values. This comparison is presented

in Figure 7.

The results in Figures 6 and 7 for normal incidence absorption
coefficients show reasonably good agreement between measurements
and predictions for the frequency range of interest below 500 Hz,
although there is a significant discrepancy in the frequency range
from 50 to 100 Hz. 1In general the results indicate that the
normal incidence coefficient has a value of about 0.85 in the
frequency range from 300 Hz to 500 Hz, and a value of about 0.8 in
the frequency range from 150 Hz  to 300 Hz. The measurements
indicate that the value of 0.8 is achieved at frequencies down to
about 60 Hz but the analysis shows a fall-off at frequencies below
120 Hz. It should be noted that the test procedure is itself
experimental in that the importance of various parameters 1in
determining the accuracy of the method is still to be determined.
A detailed evaluation of the parametric effects was not possible

within the scope of this project.
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4.0 LINING ANALYSIS

4.1 Lining Materials and Configurations

In order to satisfy the immediate needs of NASA, the scope of the
parametric study was restricted to a consideration of materials and
dimensions already being considered for the wind tunnel lining or used
in the B-1B ground run-up suppressor. This meant that the total
thickness of the treatment had to lie in the range from 6 inches to 10
inches, and that the bulk material was either Owens~Corning PF 3350 or
Type 703. However, Owens-Corning Type 701 was included in some

cases, to represent a material with characteristics which lie between
PF 3350 and 703.

It was assumed that the lining configuration consisted of an exterior
perforated plate backed by a wire mesh screen and fiberglass cloth.
This was followed by the bulk material, a second layer of fiberglass
cloth (and, possibly, a second perforated plate), an air space and a
rigid wall. Variations on this baseline configuration were
evaluated, including removal of the air space; in that case the second
layer of fiberglass cloth was also removed as it would serve no

acoustic purpose.

Assumed properties of the materials are given in Table 1. The values
are based on test data or are estimated but, in either case, they
should be regarded as only nominal since there can be quite large
variations from sample to sample, and test to test. Values of the
properties are quoted for uncompressed PF 3350. However, only
compressed PF 3350 was considered in the analysis since some
compression is required in order to keep the material in place. An
alternative fiberglass cloth was considered in some of the analyses.
The cloth was assumed, arbitrarily, to have a flow resistance of 40.48
mks rayls, i.e. one third that of the baseline cloth, a porosity of
0.5957, and a thickness of 0.007 in.

14



Table 1
Properties of Materials Assumed for Analysis

Owens-Corning PF 3350 (uncompressed):

Density (lb/cu.ft) 0.75
(kg/cu.m) 12.0
Flow Resistivity (mks rayls/m) 3400.0
Porosity 0.9952
Owens-Corning PF 3350 (9 ins compressed to 8 ins.):
Density (l1b/cu.ft) 0.84
(kg/cu.m) 13.5
Flow Resistivity (mks rayls/m) 4100.0
Porosity 0.9946
Owens-Corning 701:
Density (1b/cu. ft) 1.6
(kg/cu.m) 25.6
Flow Resistivity (mks rayls/m) 14000.0
Porosity : 0.9897
Owens-Corning 703:
Density (1b/cu.ft) 3.0
(kg/cu.m) 48.0
Flow Resistivity (mks rayls/m) 27000.0
Porosity 0.9808
Perforated Plate:
22 Gauge, 33% open area
Thickness (inch) 0.0306
(mm) 0.777
Hole Diameter (inch) 0.09375
(mm) 2.38
Wire Mesh Screen:
Mesh 20 x20
Diameter (inch) 0.009
(mm ) 0.229
Porosity (Approx) 0.67
Fiberglass Cloth (Style 7628):
Thickness (inch) 0.007
(mm) 0.178
Flow Resistance (mks rayls) 121.42
Porosity 0.542
Structure Factor 6.2687
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4.2 Parametric Study

The analytical model was used to investigate the effect of various
design features and configurations for the proposed lining, as
well as to explore the use of different materials. Several of the
configurations evaluated were the result of queries from NASA
personnel regarding possible inclusion or exclusion of certain
items of the treatment. Other configurations followed from the
design of the Rockwell B-1B noise suppressor. The results of the

parametric study are given in this section.

The test results presented in Figures 6 and 7 are given in terms of
the acoustic absorption coefficient for normally-incident (0°)
sound waves. However, this does not represent a practical
condition for the lining installation in the 80x120 wind tunnel.
In the tunnel, there will be two situations of concern. First,
sound waves propagating through the tunnel inlet will experience
one or two reflections on the interior walls of the wind tunnel
before passing through the inlet vanes. Thus it would be more
appropriate to consider the absorption coefficient for an angle of
about 45% instead of 0% Secondly, the effect of the lining on the
acoustic environment in the tunnel, for noise measurements in the
test section, will depend more on the absorption coefficent
averaged over all angles of incidence rather than one specific

angle.

The influence of angle of incidence on the predicted acoustic
absorption coefficent can be seen in Figure 8 which is associated
with a 10-inch thickness of PF 3350 fiberglass material installed
in a lining such as that identified as Configuration 1 in Figure 9.
Figure 8 compares predicted absorption coefficient spectra for two
angles of incidence, 0° and 45%, calculated using Equations (11)
and (12), and the average or statistical absorption coefficient
calculated using Equation (13). It is seen that the values of the

coefficient associated with a 45° angle of incidence are similar
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to the average values, and that in both cases the values are higher
than those predicted for a 0% angle of incidence, throughout the
frequency range of interest. Consequently, the results for the
parametric study are given in terms of the absorption coefficent

"calculated for an angle of incidence of 45°

Results from the parametric study are presented in Figures 10
through 17. The lining configurations considered in the figures
are summarized in Figure 9, the main differences between the
configurations being the presence or absence of an air space or a
second perforated plate. The discussion regarding the figures can
be best presented by means of brief comments on the effects of each

of the parameters considered.
Blanket Material:

The 1lining originally considered for the 80x120 wind tunnel
contained Owens Corning 703 (or similar) fiberglass for the sound
absorbing blanket. However, the present analysis (Figure 10)
indicates that an alternative material, such as Owens Corning PF
3350, which has a lower flow resistivity, would provide better
sound absorption over a fairly wide frequency range below 2000 Hz
when both materials have a thickness of 10 inches. The difference

in absorption coefficient is less significant when the comparison
is between Owens Corning 701 and PF 3350 (Figure 11), since 701 has
a flow resistivity which lies between those of 703 and PF 3350.

Only at very low frequencies (below 50 Hz in the case of 703 and 63
Hz for 701) 1is the material with the higher flow resistivity
associated with the higher estimated absorption coefficient. 1In
both comparisons the lining'is assumed to be that of Configuration
1, since that was the configuration initially considered for the

tunnel.
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Lining Thickness:

The influence of the thickness of the lining is shown in Figures 10
through 12, where it is seen that the absorption coefficient at
low frequencies becomes more dependent on thickness as the flow
resistivity decreases. Thus an increase in material thickness
from 6 inches to 10 inches has little effect on the absorption
coefficient in the frequency range of interest when the material
is Owens Corning 703 but has a significant effect when the
material is PF 3350. At high frequencies the thickness of tne
treatment has no significant effect on the sound absorption

coefficient.

Air Space:

The use of an air space or air gap between the porous material and
the rigid wall can sometimes provide an improvement 1in low
frequency absorption, although this might be at the expense of
reduced acoustic performance at high frequencies. The reduction
in the amount of material required might also result in a cost
savings. However, the present analysis indicates that, for the PF
3350 material, the presence of the air gap (Configuration 2) has a
negligible effect on the absorption coefficient (Figure 13), when

the total thickness of the lining remains constant.

Fiberglass Cloth:

The influence of the flow resistance of the fiberglass cloth on
predicted acoustic absorption characteristics of the lining 1is
shown in Figure 14. The calculations were performed for a lining
of the type shown by Configuration 1 in Figure 9. Three spectral
curves are presented in Figure 14, one being associated with tne
baseline cloth (Style 7628) which has a nominal flow resistance of
121.4 mks rayls, and another with a configuration without

fiberglass cloth. The third <curve 1is associated with an
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intermediate flow resistance of 40.48 mks rayls, which is about
one third that of the baseline. It is seen that the absence of the
cloth reduces the predicted absorption at frequencies below about
2000 Hz, but the predicted coefficients associated with the two

cloth flow resistances are similar in value.

Perforated Backing Plate:

Configuration 3 in Figure 9 shows a lining in which a second
perforated plate is introduced, this plate being placed between
the inner layer of fiberglass <cloth and the air gap. The
configuration represents the lining shown in Figure 2, the second
perforated plate being needed to provide structural rigidity and
compression of the PF 3350 fiberglass. Analysis of Configuration
3 indicates that the second porous plate provides little benefit
to the acoustic performance of the total lining (Figure 15). Thus

the second plate has been excluded from most of the analyses.

Perforated Plate Thickness:

Most of the analyses of 1lining absorption coefficient were
performed under the assumption that the perforated plate had a
thickness of 0.0306 inch (22 gauge). However, experience suggests

that the plate thickness should be greater for structural reasons.
The effect of increased plate thickness on acoustic absorption
coefficient will occur only at high frequencies, as can be seen in

Figure 16 where predictions are compared for linings with
perforated plates of 12 and 22 gauge. Consequently, changes of
plate gauge within a realistic range of values should have only a

small influence on the lining acoustic absorption coefficients.

Perforated Plate Open Area:

Figure 17 indicates that an increase in the open area of the

perforated plate from 33% to 40% would cause a small decrease in
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the lining absorption coefficient at low frequencies and a small

increase at high frequencies.

4.3 Protection from Erosion

Since the lining will be exposed to the tunnel airflow, jet engine
exhausts and turbulence from helicopter rotor wakes it will be
necessary to prevent erosion of the fiberglass material.
Furthermore, protection will be required to prevent damage by
workers in the test section during model set-up and tear-down.
The protection 1is provided by the perforated plate, wire mesh
screen and fiberglass cloth shown in the three configurations
depicted in Figure 9. Protection of this type is recommended by
various sources including Beranek [4]. PFigure 18, taken from
Reference 4, shows recommended protective facings for sound
absorbing linings exposed to gas flow of various speeds. In the
case of the 80x120 wind tunnel test section it is understood that
the tunnel flow speed can be as high as 160 ft/sec. Figure 18
shows that the recommended facing consists of a perforated plate,

wire mesh screen and fiberglass cloth.

It has been stated by some NASA personnel that the acoustic lining
in the test section of the Ames 40x80 wind tunnel does not contain
a wire mesh screen and that no erosion has been observed, even
though the flow velocities are higher than will be experienced in
the 80x120 tunnel. However, in the absence of strong evidence
regarding the condition of the lining and length of time that it
has been exposed to high flow speeds, it is recommended that the
wire mesh screen be included in the lining for the 80x120 tunnel.
The recommended wire mesh screen is that given in Table 1; it has a
large open area and has no influence on the acoustic performance

of the lining.
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5.0 CONCLUSIONS

As the result of the short parametric study, certain conclusions
can be drawn regard design features of a sound absorbing lining
for the Ames 80x120 wind tunnel. The model itself has been
validated for normal-incidence sound, by means of an acoustic test
on the wall panels of a Rockwell B-1B ground run-up noise

suppressor.
The conclusions can be summarized as follows:

Sound absorption in the low to mid-frequency range can be
increased by the use of PF 3350 fiberglass (nominal flow
resistivity 4100 mks rayls) instead of Owens Corning 703
fiberglass (27,000 mks rayls) and by an increase in lining

thickness from 6 inches to 10 inches.

When PF 3350 fiberglass 1is used, the acoustic absorption
coefficients predicted for 10 inches of material are
essentially the same as those for 8 inches of material plus a

2-inch air gap.

The presence of the fiberglass cloth improves the sound

absorption of the lining, but there appears to be reasonable

latitude in the choice of flow resistance of the cloth.

Increasing the thickness of the perforated plate from 22 gauge
to 12 gauge, increasing the plate open area from 33% to 40%, or
introducing a perforated backing plate has only a small effect
on the predicted sound absorption coefficient. It is
recommended that the perforated plate be thicker than 22

gauge, for structural reasons.

The installation of a wire mesh screen between the perforated

face plate and the fiberglass cloth is recommend for erosion

21




protection. The mesh should be sufficiently open that it does
not affect the acoustic performance of the lining.
Representative characteristics of the wire mesh screen are

given in Table 1.
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